Abstract. To design a proper structure against earthquake in modern systems, control systems are of special importance. Added passive tuned mass damper is one of such systems which will be discussed in this paper. In this regard, the effect of adding this damper to a 10-floor concrete structure under six near-fault earthquakes is investigated. To do this, a code has been written in MATLAB which receives ground motion record of the occurring earthquake as well as the structure specifications such as a matrix of mass, stiffness, and damping as an input. As output, it presents time-history of responses for the top floor, a diagram for the floor displacement and drift of the structure at the time that the top floor has reached the maximum displacement. Also, these diagrams are compared both when the added damper is present and absent. It is observed that the added passive control of TMD is highly effective in the reduction of structure response against earthquake which in turn depends on the properties of the earthquake and therefore should be chosen based on the site seismic conditions.
Introduction
To reduce the problems caused by lateral displacements against dynamic loads such as wind and earthquake, the control systems have allocated special place. While imposing the strong dynamic loads such as an earthquake, the buildings sustain large displacement after the elastic region and will remain stable only due to their inelastic displacement ability. These inelastic displacements develop local plastic hinges in parts of the structure which lead to the increase in ductility and energy dissipation. Thus a large amount of energy is dissipated due to local damages in the lateral resisting system.
Generally the structural control systems are divided into four main categories including: passive control, active control, semi-active control and hybrid control. The passive control of structures without imposing the external force is used to reduce the structural vibration. In the active control, an external force is also used to reduce the structural vibration. In the semi-active control parameters of the controller are instantly changed with respect to the amount of the imposed load to improve the performance of the controller, but a number of passive control systems are combined with the active or semi-active control systems to reach the better performance in the hybrid control.
The tuned mass damper (TMD) is a passive control device containing a mass that is attached to the structure by a spring and a damper. Generally the natural frequencies of the tuned mass damper are adjusted toward one of the natural structural frequencies. Hence, the vibration of the main structure is dissipated in resonance due to the tuned mass damper vibration.
The majority of researchers (including both seismologists and engineers) have analytically and/or experimentally investigated the response of structures under near-fault records or simplified waveforms as representative of actual ground motion pulses [1] [2] [3] [4] [5] .
Tuned mass dampers are utilized based on the studies (the results were published in 1909) implemented by Frahm on the dynamic vibration absorbers [6] . Bishap and Welebourn discussed the vibration absorbers considering damping in the main structure [7] . In 1956, Den Hartog presented the compiled theory of absorbers in case of undamped structure in his book entitled as mechanical vibrations in terms of the mathematic analytical equations [8] . In 1967, Falcon studied the optimization of the tuned mass damper parameters [9] . In 1981, Randall provided Tables concerning parameters of these dampers [10] . Warburton solved the excitations control problem and determined the responses. The application and limitations of these methods lead to utilization of these formulae for MDOF structures [11] . Villaverde et al. investigated the efficiency of the tuned mass damper system during an earthquake. They found that the main reason for using classic solution was that this method does not optimize values of parameters constantly. They proposed that parameters of damper should be adjusted by the main structural mode damping ratio [12] . Tsai and Leen classically codified this solution for a single degree of freedom system and provided curves for determining the optimized parameters [13] . In 1997, Chang studied the performance of the 3 types of the tuned mass dampers in controlling the structural severe seismic inhibit. These dampers include the tuned mass dampers, the tuned liquid column dampers, and the tuned liquid column impact absorber damper. Finally, he concluded that the performance of the mass dampers is depended on a parameter named productivity index [14] . The evaluation of the effect of disturbance in frequency adjustment or other parameters of the tuned mass dampers is studied by researchers in recent years. Rana and Soong evaluated the effects of this kind of disturbances in linear structures [15] . The tuned mass dampers can be used in both active and passive control along with Fram works. This concept was paid attention and several studies and researchers evaluated this system to control the resonance load vibrations [16] . In 2002, Lopez and Soong also studied the distribution of damper's allocation by using the simplified sequential search algorithm (SSSA). They evaluated the performance of the conventional structures up to 20 stories having the time period of 0.2-0.5 seconds (they also compared locations of dampers with different distances from the fault determined from various quakes). The aim of the authors was to turn the simplified sequential search algorithm into a simple tool to execute the passive control, and by simplifying the execution method, the productivity of the method of controlling seismic waves was weakened [17] . In 2003, Pinkaew et al. evaluated the effect of the tuned mass damper in controlling the structure during an earthquake. This study indicated that the tuned mass damper is not able to reduce the maximum displacement of the controlled structure after the quake but can significantly decrease the damage to the structure. Therefore, the use of the tuned mass damper in designing the earthquake resistant structures will specifically become important [18] . In 2004, Bishap and Striz calculated the minimum required a number of the passive viscous dampers using the genetic algorithm which is essential for the structural seismic control [19] . In 2007, Kokil and Shrikhande evaluated the passive viscous dampers and used them for a 3 dimensional 10 story model building with different soil condition. They came to this conclusion that the influence of the passive dampers decreases as the plan irregularity increases [20] . In 2007, Aydin et al. studied the location of the viscous dampers in a 2 dimensional 10 story steel structure model under earthquake. He used the conjugate gradient method of optimization and its different performance. They concluded that the displacement of the last story as an objective performance leads to the reduction in story displacement and inter-story drift while increases the base shear force [21] . In 2009, Ok et al. studied the design of the dual tuned mass dampers based on the multi-purpose optimization in an article. In the proposed method at first, two measurement criteria for the dual tuned mass damper systems are identified then these operation criteria are used in the form of a vector in the optimized design of the dual tuned mass damper. Finally, it is concluded that the proposed method guarantees the optimized design of the effective productivity of the dual tuned mass damper in controlling the response of the structure subjected to seismic loads [22] . In 2010, Sgooba and Marano evaluated the optimized design of the tuned mass dampers in order to protect the structure against their response to the earthquake. The problem with this design is solvable by considering 3 meaningful performances. 1-the maximum displacement climax and its standard deviation, 2-the average energy of the protected building and comparing it with an unprotected building and evaluating the imposed damage which considers the two previous methods [23] . In 2011, Arfiadi and Hadi optimized the location and features of the tuned mass damper using the genetic algorithm. The optimized location and features were paid attention in this study. The combination of the location optimization tools and also features of the tuned mass damper provides a genetic algorithm. Particularly while using the real simulation codes of the tuned mass dampers under earthquake loads it was observed that the present methods correspond the previous ones and even advantageous in some cases [24] . Also in 2011 Steinbuch optimized the seismic strength of the tall buildings by the tuned mass dampers and using the evolutionary algorithms. In the evolutionary optimization, parents' features lead to the production of a new generation with slight differences in features. The generation of children that accomplish the objectives of study more efficiently will become the next parents. The promotion is then studied after the evolution of several generations. Finally, the optimized design is formed toward the height of a tall building, and it is concluded that the effect on the structure is reduced by using this type of dampers [25] . In 2011, Estekanchi and Basim utilized the ETM (Engineering Tolerance Method) and the genetic algorithm to determine the optimized coefficient of the viscous damper to substitute it in 3 and 8 story frames with usual shear forces. They also put it under earthquake in a 35 story steel frame having vertical irregularity. The ETM method reduces the number of time analysis essentials and is presented as an alternative design method [26] . Naderpour et al. investigated some control devices as well [27] [28] . In 2015, Sakr used the mezzanine loads as tuned mass damper in structure. This technique eliminates the complexity of adding massive loads to control the seismic responses and maintains the initial mass of structure without overload. The effects of using mezzanine loads showed that the proposed method could significantly improve the seismic response against wind and earthquake loads which depends on the ratio of load to the story and the number of stories equipped with the tuned mass damper [29] .
Today a large number of buildings use the tuned mass dampers which include Hancock Tower (Boston, America), City crap Center (New York, America), Sidney Tower (Sidney, Australia), Chipa Tower (Chipa, Japan), Fukuka Tower (Fukuka, Japan), Christal Tower (Ozaka, Japan), The Banda Spatzpoch Cooling Tower(Norenburg, Germany), Canada National Tower (Torento, Canada), Taipei 101 (Taipei, China).
This study is aimed to evaluate the effect of the tuned mass damper on the dynamic equations of structure and comparing the displacement and velocity of the system without control, and in the case of attaching the tuned mass damper system undergoing 6 near the fault, accelerograms were scaled to 0.35g. In this article, the tuned mass damper is placed on roof floor, and the stiffness and damping are considered as an additional story for entering dampers characteristics in mass matrix. In many articles mass of the tuned mass damper is added to the mass of the last story. However, the mass of tuned mass damper is considered as a separate mass in this article, Since the mass of tuned mass damper when considering it as a separate mass does not include applying the effect of damper's additional mass in dynamic equations of MATLAB coding but also the effect of phase difference of the tuned mass damper on the earthquake vibration difference. Given that other articles did not use near-fault earthquake characteristics, the near-fault earthquake accelerograms are used in this article. Finally, by obtaining drift diagrams of the structure with and without control system the effect of the tuned mass damper on the structural response will be shown.
Problem Formulation
In this part, at first, the dynamic equations of the structure without control system are evaluated and then the influence of having the tuned mass damper on dynamic equations is indicated, and the statespace method is used to solve the differential equations. The mass, stiffness, and damping are the main parameters in solving the dynamic equations of the structure. 
A building is considered as multiple degrees of freedom system with respect to the rigidity of roof. The equations of a single degree of freedom system is generalized to multiple degrees of freedom system, and the above equation is changed to the following differential equation The earthquake force is one of the main forces causing support excitation. The dynamic equation of motion of a structure under earthquake is as follows
Where {r} is a (n*1) vector in which the entry corresponding to degrees of freedom along earthquake acceleration is 1 and in opposite direction of an earthquake is -1 and other entries are zero and () ut g is also derived from the accelerograms of recorded earthquakes, but the damping matrix is an unknown value which should be determined using the following method.
Many research has been implemented on determining the damping matrix in which there are methods that determine the damping matrix from [M] and [K] matrices. In this article, Lord Rayleigh method in which the damping matrix is obtained by a combination of stiffness and mass matrices known as Rayleigh damping is used to determine the damping matrix. For this reason with respect to the following formulae, a code is written in MATLAB that receives the mass and stiffness matrices as input and give the damping matrix as output
Where n  is the damping ratio of the n th mode of structure and w n is the n th frequency and w m is the frequency of m th mode of the structure. Since complete information of the ratio of damping in terms of frequency can rarely be found it is generally assumed that the ratio of damping for the two desired frequencies is equal, e.g. 
In this article, the damping ratio of 5% is considered for all modes and the first and the second mode of structure are used to determine 0 a 0 b
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The classical methods such as Duhamel method are used for solving the differential equations of the structure while the state-space method is one of the modern methods for solving the quadratic linear differential equations. A system has several inputs and outputs which the inputs are having complex interaction may be together. The state-space method works efficiently for this case.
In order to determine the response of structure in state-space, the state-space variable is considered as follows
Where Z is the state-space variable.
The matrix quadratic differential equation of structure under earthquake is converted to the state-space form 
If the structure undergoes the earthquake, all degrees of freedom will experience vibration while if each of degrees does not experience vibration their corresponding amount in  the vector will be zero. However, all degrees of freedom undergo earthquake in this article.
The state-space relation in the linear differential equation is as follows .
On the other hand, with multiplying
by system equation of motion (relation 3) and moving terms, the following relation is obtained
By the combination of the mentioned relation and the evident relation of     ..
In which
is the zero matrix, and I is the identity matrix.
The tuned mass damper reduces the structural vibration against earthquake by changing the structural frequency and removing the structural frequency from the earthquake frequency. This damper is generally located on the roof of the structure.
The effect of adding mass of the tuned mass damper to mass of the story that the damper is located on is evaluated in some studies. However, the mass damper is considered as a separate mass and an additional story in this article. 
are respectively mass, stiffness and damping matrices incorporating with the tuned mass damper system. Also {r T } vector is (n+1)*1 vector with unit entries and {Z T } vector is 1*(2n+2) vector which includes the value of displacement and velocity of stories together with damper.
Generally the mass of the tuned mass damper is considered as a percentage of the mass of the structure. Also the damper frequency is adjusted near the frequency of the first structural mode (main) given that the tuned mass damper system must be adjusted with the structure. The damping of the tuned mass damper can also be determined by multiplication of the damping ratio by the tuned mass damper critical damping * 0 m m m tmd bulding
W 1 is the structural first mode frequency, 1  is a factor which leads to adjustment of the tuned mass damper with a frequency around the frequency of the first mode of the structure. In fact 0 m , the adjustment factor 1  and the damping ratio tmd  can be considered as the parameters of the passive control system of the tuned mass damper.
The variation range of the tuned mass damper control system parameters is provided in Table 1 .
In this article 0 m =5%,  =1 and tmd  =15%.
Numerical models of 10-story RC building 3.1. General data of numerical model
In this article, at first, a 10 story concrete structure having the following plan and characteristics shown in Figure. 1 and Table 2 respectively is modeled in ETABS, and the dynamic parameters of the structure are determined in linear and elastic space assuming the rigidity of all roofs and linear behavior of the structural component material.
By considering the concept of forming the entries of the stiffness matrix, it is observed that the value of K ij the entry is equal to the developed force in i degree of freedom for the unit displacement in the j degree of freedom.
Since the roofs are assumed to be rigid, a node is developed in each roof, and all degrees of freedom are fixed to that node then support is placed in the node. Then the unit displacement is applied to the node of roof i and the amount of developed force in support of each roof after running the program are recorded. This operation is implemented for each roof accordingly, and finally, the obtained values are put in the stiffness matrix of the structure. The lamp matrix is determined with respect to the ability of lamping mass in the roof in ETABS software.
Then the Rayleigh method which code is written for it in MATLAB is used to determine the damping matrix. The obtained mass, stiffness and damping matrix are presented as follows 
After obtaining the mass and stiffness matrices the values of mass and stiffness of the tuned mass damper are determined from the mentioned formulae (19 and 20) and are added to the mass and stiffness matrices of the structure as a separated story and the damping of the tuned mass damper is then determined according to formula No.21.
Earthquake loading
The accelerogram data of near-fault earthquakes of Chi Chi (Taiwan), Imperial Valley, Kobe (Japan), Kocaeli (Turkey), Loma Prieta (San Francisco) and Northridge (California) are used to show the effect of earthquake since the performance of the tuned mass damper is better indicated in near-fault earthquakes and they are less evaluated in other studies.
All earthquake accelerograms are scaled to 0.35g by Seismosignal software then a code is written in MATLAB software including all the aforesaid formulae in which the quadratic differential equations of structure are solved through the state-space method and are considered as the inputs of the mass, stiffness and damping matrix of a structure without control system and the mass, stiffness and damping matrix of a structure having the tuned mass damper and on the other hand receives the data of accelerogram of the near-fault earthquakes and presents the modal shapes of structure, the diagram of the accelerogram of the imposed earthquakes, the time history of displacement and velocity of the last story of structure without control and with the tuned mass damper control, the story displacement diagram of the structure with and without control system once the last story experiences the maximum displacement. These outputs are further discussed.
The modal shapes of the modeled structure are shown in Figure 2 .
The accelerogram diagrams of the imposed earthquakes are provided in Figure 3 and Table 3 .
Results of numerical analysis
The diagram of comparing the structural displacement time history under the mentioned earthquake accelerograms without control system and with the tuned mass damper control system is presented in Figure 4 .
The diagram of comparing time history of the last story velocity under accelerograms of the mentioned earthquake without control system and having the tuned mass damper control system are shown in Figure 5 .
Discussion of results
As it can be seen from the above diagrams the tuned mass damper reduces the maximum displacement of last story of structure in Chi Chi, Imperial Valley, Kocaeli, Loma Prieta and Northridge earthquake to 27%, 28%, 20%, 39% and 36% respectively, while increases the maximum displacement under Kobe earthquake to 20% which indicate the high dependency of the tuned mass damper to the characteristics of the imposed earthquake.
The displacement-story diagrams for different imposed earthquakes to the structure without control system and having the tuned mass damper once the last story experiences the maximum displacement is provided in Figure 6 .
The relative displacement diagrams of the structure without control system and having the tuned mass damper control system once the last story of structure experiences the maximum displacement is provided in Figure 7 .
As it can be seen in relative displacement diagrams of structure the tuned mass damper reduces the maximum displacement of structure in Chi Chi, Imperial Valley, Kocaeli, Loma Prieta and Northridge earthquake to 35%, 34%, 27%, 40% and 35% respectively while increases the maximum displacement of structure in Kobe earthquake to 10%.
Conclusion
The effect of using the tuned mass damper (passive control) on the structural response under the nearfault accelerograms is evaluated in this study and the obtained results included the comparison between time history displacement diagram and velocity of last story diagram without control system and having control system, the comparison diagrams of displacement-story and the relative displacement of stories without control and having the control system. The use of the tuned mass damper in structure can significantly influence the control of structure and reduce the response of structure against earthquake. The use of the tuned mass damper can be an efficient approach to control the structures in Iran with respect to the prevalent use of this control system around the world. The results indicated that tuned mass dampers would considerably reduce the maximum displacement of structures. It should be noted that the mass of tuned mass damper is increased in a tall structure which needs large space for vibration. Therefore, the executive issues should be considered. In order to solve this problem a number of tuned mass dampers are used instead of a single damper having a large mass. The location of dampers is significantly important and different optimization methods are used to identify the optimized location of dampers. As it was observed, the performance of the tuned mass damper is highly depended on the characteristics of the imposed earthquake. In fact, the control system receives the input earthquake characteristics (accelerogram) and also characteristics of structure (the mass, stiffness and damping matrices) as input and the characteristics of these dampers should be selected based on seismicity conditions of the region. 
